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Abstract. 2014 The influence of various pollutants on the ONERA CO2/N2/He mixing GDL is evaluated. Special attention is paid to those chemicals likely to appear in a combustion-driven system. For our plenum conditions (12 atm, 3 000 K), it is found that at most 5 % H2O, 10 [1] [2] [3] [4] [5] [6] . Gains in excess of 4 % cm 1 were observed, with laser ef6-ciencies of 1.6 % and specific powers of 25 kW/kg/s [4, 5] . [6] ; -in the throat mixing scheme [3] [4] [5] , only weak shocks are formed and the gradients decay in a shorter distance; but the composition of the flow still varies somewhat from centerline to walls; some refinements can be devised in order to restore excellent uniformity [7] ;
(ii) axial injectors located on the flow centerline [3] [4] [5] Shock tubes [3, 6] and arc heaters [4, 5] It is precisely the purpose of the present work to assess the influence of these pollutants on the efbciency, so that guidelines for the selection of appropriate fuel and oxidizer pairs can be established.
Various gases thus have been mixed and sent into the arc heater and injector. Our efforts were concentrated on the influence of CO, for which only limited results have so far been reported [6, 8] . Gains were measured, and laser action was obtained from CO2 and N20 under different conditions. Some improvements were also made in the injector design. (i) For pure N2, the freezing efficiency is maintained from 2 500 to 5 000 K as seen from the comparison between the solid curve (shaped for a best fit to the data for all mixture compositions) and the dotted line which was obtained numerically taking a constant 80 % figure [4, 5] for the net freezing efficiency (ie including N2 expansion and CO2 mixing).
The levelling off at about 5 000 K mostly reflects the influence of the growing partition function on the population of the 001 level of C02. Croshko et al. [7] observed a larger drop beyond 3 000 K; this result is obtained if the static temperature in the expanded flow is growing faster, or if a line of lower J is used for the gain measurement.
(ii) Similar [8] . This result can be explained by the approximations in the vibrational model, by the fact that the rate constants for V-V transfer from CO are about 10 times smaller than for N2 at room temperature [10] , and also by possible partial decomposition of CO in the arc. These statements are corroborated by power extraction experiments (Fig. 4) can be treated as an inert gas, reducing gain in proportion to its mole fraction; a similar result has been reported previously [7] . Adding H20 caused further reduction in gain and power. The runs were conducted by first waiting for steady state to make a reference measurement, and then sending in H2 for the final measurement. The ratio of these two values is plotted against H20 fraction in figure 5 . these mixtures, the deactivation of N2 by H20 is due primarily to the CO 2 which acts as a catalytic agent in the temperature range 300-1 000 K; this is inferred from the corresponding V-T rates [13] .
The power, of course, drops faster since the optical cavity becomes less efficient as the gain is reduced.
The main conclusion from those curves is that water still has an extremely deleterious effect, although its effect upon the laser efficiency is much less than ôn conventional GDL's. For atmospheric pressure recovery, the stagnation pressure must be raised to at least 50 atm; then, a 2 % H20 mole fraction would cause about 50 % loss in gain and available energy.
In the absence of H20, the freezing efficiency is in the 80-100 % range. If one is to keep the net freezing efficiency above 60 % with the H20, then its mole fraction must not exceed 1 %. In addition, note that this result is given for pure N2 and not for CO + N2 mixtures; CO is probably more sensitive to H20 deactivation [14] than N2.
The effect of C02 is also interesting. For our tests, the CO 2 was formed by addition of CO to the air sent through the arc heater. Due to the absence of H20, the deactivation appears appreciably reduced: typically, for an 8 % CO2 mole fraction, only 10 % loss of available energy is observed.
The effect of H2 fraction in a pure heated N2 stream was briefly examined. An 11 % H 2 fraction caused a 25 % loss in available energy, which is in rough agreement with reference [6] . The result of injection at the throat was carefully studied. Judging from the rate constants in reference [13] (a) large gains and specific energies: some of the tests done with our system yielded gains in excess of 5 % cm 1 (on the P12 line, for the conditions off figure 2 with injector III, but with a larger expansion ratio to give a static temperature of about 150 K).
The power exceeds 3 kW for pure N2 (Fig. 4) 
